Background-Clinical trials in ischemic patients showed the safety and benefit of autologous bone marrow progenitor cell transplantation. Non-bone marrow progenitor cells with proangiogenic capacities have been described, yet they remain clinically unexploited owing to their scarcity, difficulty of access, and low ex vivo expansibility. We investigated the presence, antigenic profile, expansion capacity, and proangiogenic potential of progenitor cells from the saphenous vein of patients undergoing coronary artery bypass surgery. Methods and Results-CD34-positive cells, negative for the endothelial marker von Willebrand factor, were localized around adventitial vasa vasorum. After dissection of the vein from surrounding tissues and enzymatic digestion, CD34-positive/CD31-negative cells were isolated by selective culture, immunomagnetic beads, or fluorescence-assisted cell sorting. In the presence of serum, CD34-positive/CD31-negative cells gave rise to a highly proliferative population that expressed pericyte/mesenchymal antigens together with the stem cell marker Sox2 and showed clonogenic and multilineage differentiation capacities. We called this population "saphenous vein-derived progenitor cells" (SVPs). In culture, SVPs integrated into networks formed by endothelial cells and supported angiogenesis through paracrine mechanisms. Reciprocally, endothelial cell-released factors facilitated SVP migration. These interactive responses were inhibited by Tie-2 or platelet-derived growth factor-BB blockade. Intramuscular injection of SVPs in ischemic limbs of immunodeficient mice improved neovascularization and blood flow recovery. At 14 days after transplantation, proliferating SVPs were still detectable in the recipient muscles, where they established N-cadherin-mediated physical contact with the capillary endothelium. Conclusions-SVPs generated from human vein CD34-positive/CD31-negative progenitor cells might represent a new therapeutic tool for angiogenic therapy in ischemic patients. (Circulation. 2010;121:1735-1745.)
R ecent evidence indicating the presence of progenitor cells in arteries and veins has inspired hope for their application in regenerative vascular medicine. [1] [2] [3] In fetal and postnatal vessels, putative proangiogenic progenitors reside in the vasculogenic niche, which comprises adventitial stromal cells and mature vascular cells of the vasa vasorum. 3 We previously showed that CD34-positive (CD34 pos ) cells from the human fetal aorta coexpress stem cell markers such as CD133 and c-Kit, are clonogenic, and give rise to vascular cells and skeletal myocytes. 2 Local implantation of fetal aorta-derived CD34 pos /CD133-positive (CD133 pos ) cells promoted reparative neovascularization in models of ischemia and diabetic ulcers through incorporation into nascent vessels and paracrine stimulation of resident vascular cells. 2, 4 Ethical concerns and immunogenic/tumorigenic problems limit the clinical use of embryonic/fetal stem cells. On the other hand, CD34 pos progenitor cells from adult vessels show low coexpression of CD133 and show limited expansibility and differentiation potential. 1, 3 To date, no preclinical data are available on the in vivo regenerative potential of adult vessel-derived progenitor cells. The establishment of standardized protocols for isolation of proangiogenic cells from adult tissues and the demonstration of therapeutic activity are therefore needed.
only part of it is transplanted. Here, we demonstrate the presence of progenitor cells with proangiogenic capacity in saphenous vein leftovers from elderly cardiovascular patients. Furthermore, we show the ability of these progenitor cells to give rise to a clonogenic population able to stimulate in vitro angiogenic activity of endothelial cells (ECs) and to improve in vivo reparative neovascularization.
Methods
An expanded Methods section is provided in the online-only Data Supplement.
Vein Collection
Veins were collected during bypass operations and dissected carefully from the surrounding tissue, washed in PBS with antibiotics, and then processed for immunohistochemistry or cell culture.
Immunohistochemical Analysis of Human Saphenous Veins
Sections were stained with antihuman CD34 in combination with von Willebrand factor (vWF) or with CD31 and either NG2 or platelet-derived growth factor receptor-␤ (PDGFR␤). Alexa Fluorconjugated secondary antibodies were used. Nuclei were stained with 4Ј,6-diamidino-2-phenylindole (DAPI).
Cell Isolation and Culture
Venous samples were minced and digested with Liberase 2 (Roche, Basel, Switzerland). For culture selection, 2ϫ10 5 cells/mL were plated in the presence of Human Medium (HM; complete NeuroCult medium, StemCell Technologies Inc, Vancouver, British Columbia, Canada) that contained basic fibroblast growth factor (10 ng/mL) and epidermal growth factor (20 ng/mL; both from R&D Systems, Minneapolis, Minn) on uncoated wells (nϭ5). CD34 pos /CD31-negative (CD31 neg ) cells were isolated from saphenous vein digests either by magnetic bead-assisted cell sorting (MACS, Miltenyi Biotec, Bergisch Gladbach, Germany; nϭ6) or by fluorescence-activated cell sorting (nϭ2). Fluorescence-activated cell sorting was performed with a high-speed cell sorter (MoFlo, Beckman Coulter, Fullerton, Colo). Purity of the preparations was assessed by flow cytometry analysis. Differentiation/expansion was performed by seeding CD34 pos CD31 neg cells obtained with each method on fibronectin-coated plates in endothelial growth medium (EGM2, Lonza, Basel, Switzerland) that contained 2% fetal bovine serum (Lonza).
Flow Cytometry Analysis
Single-cell suspensions of freshly prepared vein digests were stained with a combination of fluorescence-labeled antibodies against CD34, CD31, CD133, CD117/c-Kit, chemokine (C-X-C motif) receptor 4 (CXCR4), kinase insert domain-containing receptor (KDR), CD45, CD11b, PDGFR␤, and NG2. Cultured cells were stained for CD44, CD90, CD105, CD29, CD49a, CD49b, CD13, CD59, CD73, and CD146 in addition to the antibodies reported above. Data were acquired in a flow cytometric sorting Canto II (BD Biosciences, Franklin Lakes, NJ) flow cytometer and analyzed with flow cytometric sorting Diva software (BD Biosciences).
Immunocytochemical Characterization
Cultured cells were analyzed by immunocytochemistry for expression of NG2, PDGFR␤, desmin, vimentin, nestin, sex-determining region Y-box2 (Sox2), CD90, CD44, ␣-sarcomeric actin, ␣-smooth muscle actin, CD31, osteocalcin, ␤3-tubulin, acetylcholine transferase, the dopamine transporter, tyrosine hydroxylase, and N-cadherin. Unconjugated primary antibodies were followed by the appropriate fluorescent secondary antibody. Nuclei were stained with DAPI.
Single-Cell Cloning
Single-cell cloning was accomplished by use of a motorized device connected to the flow cytometric sorter (Cyclone, Beckman Coulter).
Multilineage Differentiation
The ability of saphenous vein-derived progenitor cells (SVPs) to differentiate into osteoblasts, adipocytes, chondrocytes, ECs, hepatocytes, myocytes, and neuronal cells was tested as described previously 5 and as detailed in the online-only Data Supplement Methods.
Coculture and Conditioned Media Studies
SVPs were labeled with CM-DiI (Molecular Probes [Invitrogen], Eugene, Ore) and saphenous vein-derived ECs (SVECs) were either stained with FITC-conjugated Ulex europaeus agglutinin I (SigmaAldrich Corp, St Louis, Mo) or left unlabeled. Cells were then cocultured (1:4 ratio of SVPs to SVECs) on Matrigel (3D; BD Biosciences) or on gelatin-coated coverslips (2D). Conditioned culture medium (CCM) was obtained from 70% confluent SVPs or SVECs cultured for 48 hours in fresh medium. The unconditioned culture medium served as control. Matrigel angiogenesis assay and cell migration, proliferation, and apoptosis assays were performed on SVECs and SVPs as described previously. 4, 6 Hindlimb Ischemia Model
nu/nu mice (Charles River Laboratories, Wilmington, Mass) underwent unilateral limb ischemia as described previously. 7 One day after induction of ischemia, 8ϫ10 4 DiI-labeled SVPs (passage 6), so-called early-culture endothelial progenitor cells, 8 or vehicle (DMEM, 30 L) was injected into 3 different points of the ischemic adductor muscle (nϭ7 mice per group). Blood flow recovery was followed up by laser Doppler flowmetry as reported previously. 7 
Assessment of Neovascularization in Ischemic Muscles
Sections (3 m) from paraffin-embedded adductor muscles, harvested at day 14 after ischemia (nϭ4 mice per group), were stained with isolectin B4 and ␣-smooth muscle actin to recognize ECs and smooth muscle cells, respectively, and to calculate capillary and arteriole density. SVP phenotype in vivo was confirmed by staining with anti-human CD44. Proliferating cell nuclear antigen was used as a marker for proliferation.
Position of SVPs in the muscle was assessed in 100-m-thick sections after staining with directly fluorophore-labeled isolectin B4 and anti-N-cadherin antibody. Z-stack images were taken by confocal microscope and 3D reconstructed by use of Volocity imaging software (Improvision, Coventry, United Kingdom).
Statistical Analysis
Values are presented as meanϮSEM. Analyses were performed with GraphPad Prism 5 software (GraphPad Software, San Diego, Calif). Statistical significance was assessed by use of paired or unpaired t test for comparison between 2 groups. For analysis of blood flow recovery and cell biology assays in which measurements were repeated on the same subject at different time points, repeatedmeasures ANOVA was used, followed by Bonferroni post hoc test. Finally, 2-way ANOVA for block design was applied when variables that were measured at least in triplicate within an experiment were compared, with the experiment being repeated several times. PϽ0.05 was interpreted to denote statistical significance. Cells at passage 4 (nϭ4 preparations) were assayed for their antigen expression by flow cytometry, which showed that serum-induced differentiation was associated with the loss of CD34. In addition, cells expressed the mesenchymal stem cell markers CD44, CD90, CD105, CD29, CD49a, CD49b, CD13, CD59, and CD73, although they were negative for CD31, CD133, c-Kit, CD146, and CD45 ( Figure 3A ). Immunocytochemical analysis was performed (nϭ3 preparations) to further define the cell characteristics ( Figure 3B As illustrated in Figure 3B , immunocytochemical analysis further showed that most of the CD34 pos CD31 neg -derived cells were positive for Sox2 (75Ϯ17%) but did not express other embryonic-like transcription factors, such as Oct3/4 and NANOG (not shown). The muscle-specific ␣-sarcomeric actin was expressed in 12Ϯ10% of the cells. Interestingly, the early neuronal markers ␤3-tubulin and nestin were expressed by 58Ϯ15% and 20Ϯ9% of the population, respectively. In contrast, although isolated from the vessel wall, cells did not express CD31 or ␣-smooth muscle actin. They were also negative for epithelial cell-associated cytokeratins 8, 18, and 19 and the astrocyte marker glial fibrillary acidic protein (not shown). Thus, the antigenic phenotype of the CD34 pos CD31 neg -derived progeny, henceforth termed SVPs, indicates similarities with undifferentiated cells of the mesenchymal/pericyte lineage. 9, 10 Importantly, SVPs could be expanded with a doubling time of Ϸ45 hours (calculated at passage 5), progressively growing in size and decelerating their proliferation rate after passage 10. Expansion of SVPs would potentially allow the generation of 30 to 50ϫ10 6 cells starting from an average culture (at passage 3) of 2 to 3ϫ10 5 cells. Furthermore, SVPs were routinely stored in liquid nitrogen and subsequently defrosted during the present study, which illustrates the feasibility of cryopreservation.
Results

Human
Clonogenic and Differentiation Potential
Next, we investigated whether SVPs possess 2 fundamental properties of progenitor cells, clonogenicity and multipotency. For the cloning assay, 1363 CD34 pos CD31 neg cellderived SVPs from 4 different populations were sorted into 96-well Terasaki plates (1 cell per well; Figure 4A ). One week after sorting, 19.8Ϯ2.1% of the cells had formed colonies that contained 5 to 20 cells; however, only one third of these early developed clones (Ϸ7% of the initially seeded cells) could be expanded to 1 to 2ϫ10 4 cells, whereas Ϸ2% of the initially plated cells did grow further to approximately 3 to 5ϫ10 5 cells and were subcloned with an efficiency of Ϸ18%, which generated highly plastic subclones ( Figure  4A ). Primary clones conserved the mesenchymal/pericyte immunophenotype of the original population ( Figure 4B) .
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Finally, bulk populations of SVPs, clones, and subclones were tested for their ability to differentiate into derivatives of all 3 germ layers. When exposed to differentiation stimuli, SVPs were able to generate mesodermic lineages, such as osteoblasts, adipocytes ( Figure 4C ), and ␣-sarcomeric actinpositive myocytes ( Figure 4D ), whereas no chondrocyte or EC differentiation was obtained. Additionally, SVPs gave rise to neuron-like cells, which expressed early marker ␤3-tubulin, arrayed in filaments and bundles, and more differentiated markers such as acetylcholine transferase, the dopamine transporter, and tyrosine hydroxylase ( Figure 4E ). No differentiation toward hepatocytic cell lineage (endodermic differentiation) was detected (not shown). Interestingly, all subclones displayed a wide differentiation capacity, which gave rise to mesodermic lineages (adipocytes, osteoblasts, and myocytes) and neuron-like cells. Taken together, the results demonstrated that SVPs are capable of self-renewal and that their clones possess a broad differentiation capacity.
SVPs Directly Interact With ECs Supporting Their Network Formation Capacity
Perivascular mesenchymal cells, namely, pericytes, play a fundamental role in angiogenesis by sustaining the organization of provisional EC structures and strengthening intercellular connections. 9 To demonstrate the supportive capacity of SVPs, we cocultured them with SVECs on Matrigel. As shown in Figure 5A , SVPs alone were able to form complex networks, composed of nodes connected by a number of thin branches. Culturing SVPs together with SVECs remarkably improved the network-forming capacity of SVECs ( Figure  5B through 5D) . We further investigated the connections established between the 2 cell types in coculture. SVECs formed continuous branches that were surrounded by SVPs ( Figure 5E ; online-only Data Supplement Movie I). Similarly, bidimensional coculture indicated that each SVP connected to multiple SVECs ( Figure 5F ; online-only Data Supplement Figure III) . N-cadherin is expressed by both ECs and pericytes and is implicated in EC/pericyte interaction during vessel formation. 11 In the present coculture model, N-cadherin was polarized on the SVP pseudopodia in contact with SVECs. In SVECs, N-cadherin was uniformly distributed on the cellular membrane ( Figure 5G ). These data indicate the establishment of physical interactions between the 2 populations that favored network enhancement and stabilization.
SVPs Support EC Proliferation and Network Formation via Paracrine Mechanisms
By reverse-transcription polymerase chain reaction, we verified that SVECs and SVPs express complementary components of the angiopoietin (Ang)-1/Tie-2 and PDGF-BB/ PDGFR␤ systems, which are strongly implicated in EC/ pericyte cross talk ( Figure 5H ). 9 Furthermore, by ELISA, we confirmed that SVPs release Ang-1 (704Ϯ232 pg/mL) and SVECs release PDGF-BB (20.3Ϯ1.2 pg/mL) in their respective conditioned medium.
We therefore investigated whether the stimulatory action of SVPs on SVEC angiogenic activity is mediated by paracrine mechanisms. Accordingly, SVP-CCM remarkably supported the persistence of the EC network in the Matrigel assay compared with unconditioned medium (online-only Data Supplement Figure IV) . Preincubation of SVECs with Tie-2-blocking antibody abrogated the stimulatory effect of SVP-CCM on network formation ( Figure 5I) .
Next, we investigated the effect of CCM from SVPs and SVECs on distinct cellular processes, namely, survival, proliferation, and migration. Incubation of SVECs with SVP-CCM significantly increased the rate of bromodeoxyuridine incorporation ( Figure 5J ) but did not modify the migratory activity of SVECs in the scratch assay ( Figure 5K ). Furthermore, application of SVP-CCM in a Caspase-Glo assay did not improve the survival of starved SVECs (data not shown).
Conversely, SVEC-CCM improved SVP migration ( Figure  5L ) but did not show any effect on proliferation compared with unconditioned culture medium ( Figure 5M ). The addition of PDGF-BB-blocking antibody to the SVEC-CCM abrogated its promotional effect on SVP migration ( Figure 5L ).
Intramuscular Injection of SVPs Improves Blood Flow Recovery in a Model of Hindlimb Ischemia
We then determined whether the proangiogenic activity of SVPs translates into improvement of reparative neovascularization in vivo. For this purpose, we injected SVPs or unconditioned medium (vehicle) intramuscularly in immunodeficient mice subjected to unilateral limb ischemia. We found that SVP administration significantly accelerated foot perfusion recovery compared with vehicle. In the SVP-treated group, full recovery was obtained at day 7 after ischemia; the same level was reached 7 days later in the vehicle-injected group ( Figure 6A) .
Immunohistochemistry demonstrated that the density of capillaries and small arterioles was significantly higher in SVP-injected than in vehicle-injected muscles ( Figure 6B and . Tie-2 blockade inhibited the stimulatory action on the network-formation capacity of SVECs (I). SVP-CCM enhanced SVEC migration (L), this effect being inhibited by PDGF-BB blockade, but did not alter their proliferation (M). Positive control was medium that contained 10% serum, whereas negative control was serum-deprived medium. Values are meanϮSEM of 3 experiments performed in quadruplicate. *PϽ0.05 and **PϽ0.01 vs unconditioned culture medium; ##PϽ0.01 and ###PϽ0.001 vs CCM. UCM indicates unconditioned medium; BrdU, bromodeoxyuridine; and RFU, relative fluorescence unit. 6C). To verify whether the effect of SVPs on arteriole formation was due to a paracrine action on vascular smooth muscle cells, murine vascular smooth muscle cells were stimulated with SVP-CCM in in vitro assays. We found that SVP-CCM improved vascular smooth muscle cell viability and survival but did not affect bromodeoxyuridine incorporation or migration (online-only Data Supplement Figure V) . Transplantation of early-culture endothelial progenitor cells derived from peripheral blood monocytes of healthy subjects 8 improved postischemic neovascularization without accelerating limb reperfusion (online-only Data Supplement Figure VI) .
Engraftment of Transplanted SVPs Into Ischemic Tissues
At 14 days after injection, we still detected a large number of SVPs deeply engrafted in the injected adductor muscles (31.3Ϯ8.8 cells/section; Figure 6D ). Furthermore, we confirmed that SVPs retained their phenotype in vivo, as shown by positivity for human CD44 ( Figure 6E ). Importantly, we detected diffuse proliferating cell nuclear antigen staining in engrafted SVPs (32.7Ϯ2.5%), which indicates that the cells were not just surviving in the tissue but were also actively proliferating ( Figure 6F ). At this late stage, it was still possible to detect proliferating murine capillary ECs and myofibers, but although a trend was evident, no difference in proliferation was detected between the SVP-injected and vehicle-injected groups (online-only Data Supplement Figure VII) .
To study the localization of injected cells and the establishment of 3D contacts between host and recipient cells, we analyzed whole-mount preparations of adductor muscles. 3D reconstruction of confocal microscopy images confirmed the presence and abundance of SVPs in the injected tissue ( Figure 7A ) and indicated that cells were localized mainly around host capillaries ( Figure 7B through 7D) . Staining for N-cadherin showed polarization of the protein in the junctions formed between SVPs and capillary ECs, thus confirming the physical contact between them ( Figure 7E and 7F) . Taken together, these data suggest that SVPs have the capacity to incorporate in the host tissue and to localize around the capillaries as natural mural components.
Discussion
Seminal reports described the presence of mesenchymal precursors in vessels from young organ donors 12 or donors of unspecified age 3, 13 ; however, to the best of our knowledge, the present study is the first to demonstrate the isolation of progenitor cells from saphenous veins of aged patients with coronary artery disease. Furthermore, whereas previous methods relied on plastic adhesion for isolation/selection, 12, 13 we adopted specific surface markers, namely, CD34 and CD31, to achieve enhanced purity and reproducibility. The differentiation of CD34 pos CD31 neg cells gave rise to a clonogenic and multipotent cell population that could be expanded for at least 10 passages and could be cryopreserved easily. As a result, a relatively small number of CD34 pos CD31 neg cells from a patient's vein could potentially generate 30 to 50 million viable cells, which could be stored to create a bank of ready-to-use cells for autologous therapy. Application to preclinical models of peripheral ischemia demonstrated that the isolated cells possessed a potent reparative action, behav- ing like perivascular supportive cells and promoting neovascularization by physical and paracrine interaction with ECs.
We previously reported the presence of multipotent CD34 pos CD133 pos cells in the outer layer of the aortic stroma of human fetuses. 2, 4 After stimulation with growth factors, fetal progenitors generated a population of mature ECs and mural cells. Furthermore, transplantation of fetal aorta CD34 pos CD133 pos cells improved healing of ischemic muscles and diabetic ulcers. 2, 4 Our new findings suggest that CD34 pos progenitors persist in the vasculogenic zone of adult veins, although they appear to be more differentiated, expressing low levels of CD133 and showing limited plasticity compared with their fetal counterparts. Sorted or cultureselected CD34 pos CD31 neg cells also showed restricted expansibility, but on stimulation with serum, they produced highly proliferating cells, which abundantly expressed typical markers of mesenchymal/pericyte lineage. Because those markers were natively expressed at low abundance in vein-resident and freshly isolated CD34 pos CD31 neg cells, the newly emerging phenotype might originate from serum-dependent transcriptional induction or expansion of mesenchymal/pericyte clones within the bulk population of CD34 pos CD31 neg cells. Perpetuation of the mesenchymal/pericyte phenotype in clones and subclones of SVPs supports the second hypothesis. The dual nature of the SVP phenotype recalls recent reports showing strong similarities between pericytes and tissue-specific mesenchymal stem cells. 14, 15 For instance, mesenchymal stem cells and pericytes are commonly defined as CD34 neg , 15, 16 and in fact, SVPs quickly stop expressing CD34 on differentiation. Furthermore, SVPs retain a certain level of "stemness," as indicated by their expression of Sox2; they possess clonogenic capacity and show osteogenic, myogenic, adipogenic, and neuroectodermal potential as previously described for resident mesenchymal progenitor cells 17, 18 and pericytes. 19, 20 We showed that SVPs establish interactions with multiple ECs, both in coculture systems and in vivo, recapitulating the natural function of perivascular support cells. 21 We also documented a reciprocal paracrine cross talk between the 2 cell types that resulted in stimulation of EC networkformation capacity and proliferation and SVP migration. During angiogenesis, ECs sprout and proliferate to form the capillary lumen, stimulated by factors released by the surrounding cells. This process is followed by the migration of mural cells, which improves the stability and functionality of the vessel. 22 Importantly, the present results highlight the involvement of the Ang-1/Tie-2 and PDGF-BB/PDGFR␤ systems in the interactive responses of SVPs and ECs.
We found that transplantation of SVPs promotes neovascularization and accelerates blood flow recovery of ischemic limbs, which is relevant to clinical applications. Because no SVP-derived vascular structures were detected, but numerous proliferating SVPs were present in the muscles, we hypothesize that the reparative effect is mainly due to paracrine mechanisms, in line with previous reports on mesenchymal stem cell therapy. [23] [24] [25] [26] Vascular smooth muscle cells may represent an additional target for the paracrine factors released by SVPs, as documented by in vitro studies that showed increased viability of murine vascular smooth muscle cells exposed to SVP-CCM. However, with respect to the effect of SVP transplantation on arterioles, we also hypothesize an indirect action, consisting of stimulation of capillary sprouting, which then undergoes muscularization.
We were unable to compare SVPs with other tissueresident or circulating progenitor cells from the same patients because access to other sources for exclusive research finalities was ethically unjustified in those critically ill subjects. Interestingly enough, however, patients' SVPs were therapeutically equivalent in terms of neovascularization promotion and were superior with regard to blood flow recovery compared with early-culture endothelial progenitor cells from young healthy donors, a cell population originally shown to improve the healing of ischemic limbs. 27 Further studies are warranted to establish the relative potency and potential synergism of SVPs with other cell types in models of peripheral and myocardial ischemia. From a clinical perspective, we speculate that SVPs might have potential therapeutic application in pathologies such as diabetic retinopathy that are characterized by dysfunction of perivascular support cells. 28 Furthermore, resident CD34 pos CD31
neg cells and their progeny might take part in vein graft remodeling and adaptation by supporting the establishment of vascular connections between vasa vasorum of the graft and the recipient. 29 In conclusion, we have provided a method to isolate and expand proangiogenic cells from the saphenous vein of aged cardiovascular patients. This is of high clinical relevance, because the starting material is usually available during bypass surgery without additional risk or burden to the patient. The method allows easy preparation and expansion of the cells to provide progenitor cells that accomplish important requirements for autologous cell therapy, being present in an easily accessible adult tissue, expandable in vitro, and able to engraft into host neovascularization in vivo with high efficiency.
CLINICAL PERSPECTIVE
This study is the first to demonstrate that saphenous leftovers, designed to be discarded after bypass surgery, are indeed an invaluable source of perivascular progenitor cells. These cells can be expanded and stored for subsequent autologous transplantation with the aim of promoting therapeutic angiogenesis. Other potential therapeutic exploitations include use in diseases characterized by impairment of perivascular support cells, such as diabetic microangiopathy, and the application of saphenous vein-derived progenitor cells for the promotion of vein graft adaptation, by seeding them on periadventitial stents. These potential applications will require proof of concept and further preclinical validation.
